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METHOD AND ARRANGEMENT FOR RECIPROCITY CALIBRATION IN WIRELESS 
COMMUNICATION 

Fiv lit of Invention 

5 The present invention relies to n method and arrangement to enhance the communication 
perfonnance in wireless communication systems. In particular, the present invention relates to 
the reciprocity of bidirectional communication channels. 

Background of the Invention 

The demand for traffic capacity, coverage and reliability in the wireless communication 
systems is seemingly ever-increasing. One bottleneck in the traffic capacity is the limited 
frequency spectrum available for communication purposes, the limitation being both physical 
- only part of the frequency spectrum is suitable for communication and the information 
content per frequency and time is limited, and organisational- the useful pnrt of the spectrum 
is to be used for a number of purposes including: TV and radio broadcast, non-public 
communication such as aircraft communication and military communication, and the 
established systems fbr public wireless communication such as GSM, mird-generaiion 
networks (3G), Wireless Local Area Networks (WLAN) etc. Recent development in the area 
of rmlio transmission techniques for wireless communication systems show promising results 
in that the traffic capacity can be dramatically increased as well as offering an increased 
flexibility with regards to simultaneously handling different and fluctuating capacity needs. 
Several promising techniques arc Muhiple-Input-Multiple-Output (M1MO) see for example 
A. Goldsmith ot al. "Capacity Limits of MIMO Channels", IEEE Journal on Selected Arens of 
Comm. , VOL. 21, NO. 5, JUNE 2003, and coherent combining based cooperative relaying, 
see for example Peter Larsson. ."Large-Scale Cooperative Relaying Network with Optimal ' 
Coherent Combining under Aggregate Relay Power Constraints", in Proc. Of Future telecom 
CoTtlerau*, JJeijing, China, 0-10/12 2003. Compared to presently used transmission 
techniques such as TDMA (as used In GSM) and WCDMA (as used in UMTS), the above 
exemplified technique represents a much belter usage of the available radio frequency 
specti'um.As an example of the capabilities of, but also the requirement set forth by, the new 
transmission techniques, the MIMO wireless systems will be briefly described with references 
to 1 } IG, I (prior art). A comprehensive description of the basic principles as well as recent 
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development and areas of research of MIMO is to be found in the above referred article by A. 
Goldsmith el al, 

A radio link in a MIMO system is characterized by that the transmitting end as well as the 
receiving end is equipped with multiple antenna elements, as Illustrated in FIG. 1. The idea 
5 behind MIMO is lhat the signnls on the transmit (TX) antennas at one end and the receive 
(RX) antennas fti the other end are "combined" in such a way that the quality (bit-error rate, 
BUR) or the dala rate (bits/see) of tho communication foi each MIMO user will be improved. 
Such an ad vnmugo can be used to increase both the network's quality of service and Ihe 
operator's revenues significantly. A core idea in MIMO systems is spac& >tlnie signal 
10 processing in which time (the natural dimension of digital communication data) is 

complemented with the spatial dimension inherent in the use of multiple spatially distributed 
antennas. A key feature of MTMO systems is the ability to turn multipatli propagation, 
traditionally regarded as a limiting factor in wireless transmission, into a benefit for the user. 
MIMO effectively lakes advantage of random fading and when available, multipath delay 
1 5 spread, for multiplying transfer rales. Also TDRF and coherent combining based cooperative 
offer a dramatic increase in capacity and/or quality. The prospect of significant improvements 
in wireless communication performance at no cost of extra spectrum (only hardware and 
complexity arc added) has naturally attracted widespread attention. 

The transmitting principles of a multiantenna system will be described with reference to the 

20 schematic illustration of Fig. t . A compressed digital source in the form of a binary dala 

^ stream 105 is fed to a transmitting block 1 10 encompassing the functions of error control 

coding and (possibly joined with) mapping to complex modulation symbols (quaternary 

phase-shift keying (QPSK), M-QAM, etc.). The latter produces several separate symbol 

V : streams which range from independent to partially redundant to fully redundant. Each is then 

:25 mapped onto one of the multiple TX antennas 1 1 S. Mapping may include linear spalinl 
• • • 

<■» : * - : weighting of the antenna elements or linear antenna space-time prccoding, After upward 

frequency conversion, filtering and amplification, the signals are launched into the wireless 
channel. N T X antennas 1 1 5 are used, and tire transmitting block 1 10 may typically comprise 
means for N simultaneous transmissions. At the rcoeiver, the signals arc preferably captured 
]--3T) by multiple antcnrois (M) 120 and demodulation and demapping operations aro performed in 
the receiving block 125 to recover the message. The level of intelligence, complexity, and a 
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priori channel knowledge used In selecting the coding and antenna mapping algorithms will 
vary n ureal deal depending on the application. This determines the class and performance of 
the nmUianluiuut solution that Is implemented. 

■ 

Naturally, the multiantenna systems offer a Iransmit-Tcccive diversity gain, similar to the 
5 existing .smart antenna systems, but can also offer a fundamentally new advantage in the 

exploration of the space-time. This can bo seen as the multiantenna systems transmit data over 
u matrix channel rather than a vector channel. The signal model of this type of muHianlcuna 
system can simp! i fie J be described as: 

I'sHa+ii (0 

1 0 wherein, r is the M x 1 the received signal vector, s is the Nx I transmitted signal vec tor and 
n is an vector of additive noise terms, e.g. while Gaussian noise, and II is the Afx N channel 

■ 

matrix for the transmitted signals between die transmitter and the receiver. 

The multiplexing alone is as previously mentioned, not enough for achieving the dramatic 
increase in gain, Advanced coding/decoding and mapping schemes, i.e. the space-time 

15 coding, is essential A knowledge of the radio channel is needed forth© decoding already in 
today's existing wireless systems such as OSM and UMTS, and in the multiantenna systems 
Ihis knowledge is absolutely critical. Tn some of the most promising implementation proposals 
for MIMO, the knowledge of the channel, represented by II, is used not only in the decoding 
performed in the receiver side, but also in the coding on the transmitting side as described in 

20 1). Ooshcrt fcl aL "From Theory to practice; An Overview of MIMO Space-Time Coded 

Wireless Systems", [RISK Journal on Selected Areas of Comm.; VOL. 21 , NO. 3, April 2003 
. and iu W1PO publication nr WO 0300*606. 

: The knowledge of the characteristics of the channel matrix H at the transmitter can be used to 

" ! : optimi/o coding and mapping, Not only MIMO systems exploits precise channel state 

: i5 infomtntiou (CSQ, ^ * ] $ a for TDl ^ and coherent combining based cooperative relaying 

: : that inherently uses CS1 knowledge for optimizing respective communication performance. A 

" . : forward channel may typically bo characterized cither by sounding the channel i n the forward 

■ - 

- : direction with some training signal and then receive feedback from the other station informing 
« 

• : about the channel characteristics, or by receiving a training signal from the other station and 
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acquire knowledge of transmit power. The first alternative can provide a good estimate of tho 
channel characteristics, but at the same time does the transmission of the characteristics of If 
take up valuable transmission resources. Therefore, a compromise between the increase in 
gain and the increase in control signalling over payload signalling is typically considered in 

5 for example determining .suitable update frequency for the characteristics of II. The latter 
alternative uses less transmission recourses, but relies on the assumption that the channel is 
reciprocal, Lc. UuU amplitude and phase arc identical regardless of transmission direction. 
This is e.g. the case in a TDD channel (time division multiplexing) within the channels 
coherence time. This is particularly true, and of interest, when multiple antennas are used at a 

i 0 (1 rst station and only one (or f ewer) antennas arc used at the other station, as also the munber 
of training sjcq nonces can be diminished. This is also of great interest for coherent combining 
based cooperative relaying, as potentially large number of relays (possibly equipped with only 
one or with few antennas) are exploited while communicating to a user with only one or a few 
onteunns, 

15 

« * 

Summary of the Invention 

The reciprocity assumption, as discussed above and in the referenced documents, is widely 
accepted and used Lo effectively estimate the channel. However, in realistic situations, given 
o.g. non-perfect transmitter-receiver chaius, the reciprocity might not hold. Thus, there is a 
20 obvious need for achieving a suitable estimate of tho channel, for example characterised by 
the channel matrix, H, wherein the estimate characterize the complete transmitter-air interface- 
receiver chain. 

The object of tho present invention is to provide a method, system and programs that 
overcomes the drawbacks of the prior art techniques. This is achieved by the a method as 
25 defined in claim 1, the system as defined in claim 10, the radio node as defined in claim 1 1 
and (he program pruducl as defined in claim 8. 

The method according to the invention provides a method of calibrating at least one first radio 
node in a wireless communication network. The communication network comprises at least a 
first radio node and a second radio node, which can bo arranged to bo in rudio communication 
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wilh cnch other. The calibnUion method is based on that at least one representation of radio 
channel characteristics has been exchanged from one radio node to the other. 

One embodiment of the invention comprises the steps of: 

-IrarwnUtmz chanjiel estimation symbols, or pilots, from at least the second radio node to the 
firs! radio node over n radio chonncl; 

-calatlattog at least one representation of tfic radio channel characteristics in at feast the 
second rmlio node; 

-exchansing at least one representation of the radio channel characteristics from one of the 
radio nodes to the other radio node; 

-compenmlnQ radio transmissions from the first radio node with at least one correction factor 
which is nt least partly based on tho exchanged representation of the radio channel 
ckiracterisllcs. 

The communication system according to the present invention comprises at least a first radio 
node and a second radio node capable of transmitting and receiving radio signals and the first 
and second radio nodes can be arranged to be in radio communication wilh each other. The at 
least flnrt radio node is calibrated with the aid of the second radio node, wherein the first radio 
node bases (ho calibration on at least one representation of radio channel characteristics which 
has bocn exchanged from second radio node. 

The radio node according to the present invention is adapted for wireless communication in a 
wireless network. The network comprises at least a second radio node and tho first radio node 
capable of and the second radio node arc capable of transmitting and receiving radio signals 
and can be arranged to bo in radio communication with each other. Tho at first radio node is 
calibrated wilh the aid of the second radio node, wherein the first radio node bases iho 
calibration on at least one representation of radio channel clwracteristics, which has been 
exchanged from second radio node. 

1 minks to the Invention inaccuracies and differences in transmit receive chains can be 
compensated, whereby achieving reciprocity between the two radio nodes. The calibration 
may be used also }« communicator) with other radio nodes and reciprocity is maintained also 
in ihese communications. 
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One advantage afforded by the present invention is, since reciprocity Is ensured, that methods 
for optimising coding and mapping at the traasmiller which requires an accurate forward 
channel estimation, can be used. 

The described methods have the additional advantage that it can be used for rotative 
5 calibration between slalions lint cannot or don't communicate. A typical example is coherent 
combining based cooperative relaying. 

Embodiments of the invention are defined in the dependent claims. Other objects, advantages 
And novel feature* of the invention will become apparent from the following detailed 
description of the invention when considered in conjunction with the accompanying drawings 
10 and claims. 
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The invention will now be described in detail with reference to Iho drawing figures, wherein 

Fig. 1 is a schematic view of a mill llantenna system (prior Art); 
Vig. 2 is n schematic view of two multiantenna entities engaged in communication; 
5 Fig. 3 is a message sequence chart illustrating the method according to the present invention; 
Fig. 4 is a message sequence chart illustrating 1he method according to a first embodiment of 
the present invention; 

Fig, 5 is a nicvsigD sequence chart illustrating the method according to a second embodiment 
of the present invention; 

10 Fife. 6 is n message sequence chart illustrating the method according to a third embodiment of 
the present i n vcmion ; 

1%. 7 is a message sequence chart illustrating the method according to a fourth embodiment 
of the present invention; and 

Fig. B Is a schematic view of wireless system wherein entities uses the calibration method 
1 5 according to the present invention; 

Fig. 9 is n schematic illustration of transmissions between two entities using the method 
accenting to Iho present invention. " 



Detailed Description of the invention 
20 Two nodes in a wireless communication network, station A 210 and station B 220, which are 

in simiillaneous communication with each olher, are schematically illustrated in PIG. 2. 
• : Station A 210 comprises a transmitter 212 and a receiver 214. Station B 220 comprises a 
transmitter 222 and a receiver 224. The transmitter 212 of the station A 210 and the receiver 
224 of station B 220 makes up a first transmitter-receiver chain, and the transmitter 222 of the 
25 station B 220 and the receiver 214 of station A 210 the second. As previously described the 
transmission can be chnnictcrized by the channel matrix if, but as shown here in FIO, 2. it 
degenerates to a scalar complex valued channel. The end-to end channel for atransmiller- 
rcccivar chain may be described as consisting of essentially three parts relating to U\e 
taniMiiiittor, the air inteiface and the receiver. The parts relating to the Iransmilter and the 
30 receiver will be referred to as internal channels, This approach takes into account that the 
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signal is af reeled nol only in the air interface, but also in all parts of the transmitter-receiver 
chain such as in the tmnsmUter/roccivor and antenna feeders etc. Tho channel (in the 
frequency domain and hence generally a dependency with respect to frequency) from station 
A to }\ in Ihe example depicted in FIG. 2, may bo described a 

5 Jf A - tJf « tf A .n /J at -Uhjoc^ (2) 

and the channel from II to A is 

th*A" lI wf I wl l Ajtx (3) 



wherein U±n characterize ihe transmitter 212 of station A 210, H B jx cliaracterizo the 
transmitter 222 of station J) 220, /Wis the channel matrix characterizing the receiver 214 of 
10 station A 210 and U^joc characterize the receiver 224 of station B 220. Hex characterize the 
radio propagation channel The terms relating to the transmitters and receivers lh,rx . H&jx > 
^ If am 011(1 fhjtx not limited to tho effect on the signal within the actual transmitter or 

receiver, they should preferably comprise a characterisation of all essential channel effects 
within respective station, Tho chmmcis are here characterized with matrixes, which is relevant 
15 if any kind of MJMO communication is used. In particular, the transmit-rcceive chains arc 
characterised as diagonal matrixes, whereas Hen Is a full matrix. However, the observation 
that not only ihe air interface but also tho transmitting/receiving parts effect the channel is 
valid also in other cases such as MTSO, SIMO and STSO systems, for which the matrixes at 
" the single antenna side reduces to a scalar. It is a fundamental property of an isotropic 

W 20 medium, such as the radio channel, that it exhibits reciprocity, reflected in that Hen is the 

same in both directions. However, since neither Hajx can be assumed to be equal IIrjx nor 
Hum can be assumed to be equal ltnM> duo to unavoidable differences in the components, the 
channel from station A 210 to station U 220, U A ^ B , can not be assumed to be equal the 
channel from station B 220 to station A, U B ^ A . In other words U A ->n * u b-*a generally 

m b ■ 

v 25 valid and the channels are not reciprocal, liven if the equipment at one time is calibrated so 
what the internal channels Hajx=* Hfi.Txw\d Ha % rx*H&.wc^ that time, drift due to 
tcmpenituro, humidity, ageing of components, for example, will cause the channels to become 

non-reciprocal. 
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In l lie method according to the present invention external calibrulion of the transmitters and 
possibly also the receivers is introduced. This is possible because the transmitter ond receiver 
internal channels II Al n< tfam Majix, and Ihxx are stationary over long term and changes are 
primarily due to temperature drift, humidity etc. These changes typically occur on timcscalcs 

5 such as hours, days, or at the fastest, minutes and can be consider as very slow compared to 
other characteristic timcscalcs in the system such as changes in the cur interface, power 
control changes and communication speed, for example. The calibration according to the 
invention may take place on uTCgular basis or as a response of a signal from a controlling 
entity upon, for example, a detected degradation in communication performance (such as 

1 0 throughput) or detection by other means. The communication between Ihe calibration 
Instances is only affected in the sense that calibration factors are included in each 
transmission. 

The steps of the method according to the present invention, offering a method of external 
calibration of a .station will be described with references to the message sequence chart of 

I 5 F 10. 3 and the schematic illustration of FIG. 2. In the exemplary system depicted in FIG, 2 
only one transmitter and one receiver is provided in each station. The result of the steps is a 
calibration of the transmitter of station A. This is a non-Hmiting example and the inventive 
method is not limited to this ease, on the contrary,, as pointed out in the background section, to 
ho able to use the reciprocal assumption is of very high importance in multiantenna systems, 

20 and the method easily cxtcndablo to such systems. The method of calibration comprises the 
steps of: 

300: Initiate the calibration process. 

The calibration process can bo initialed in predetermined time intervals, wherein a suitable 
predetermined time interval can be set based on experience and assumptions on c.g. climate, 

25 Alternatively the calibration process can be initialed on demand from e.g. a system 

controlling entity, which has recorded some measure of communication degradation from one 
or more nodes, e.g. a high average F1KR or a change in average HER. The calibration may 
also be triggered based on climatic changes, such as surrounding temperature or temperature 
changes of communication equipment. Moreover, the transmitter also has knowledge of 

30 transmission history (time and duration of transmission), used transmit power as well as 
potential future transmission ond can use this to trigger any calibration. One may further 
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dulcet calibration errors (such as phase deviations) at the receiver foT each transmit antenna, 
and when exceeding ft predetermined threshold of deviation a calibration event is instantiated. 

305 : Transmit channel estimation symbols, P. 

Channel estimation symbols i.e. symbols known by both the transmitter and receiver, e.g. in 
the form of n pilot signal, arc transmitted from station B 220 to station A 210, and/or from 
station A 21 0 to station B 220. Many systems have an existing common pilot channel that can 
bo lined for the calibration purpose. 

* 

310: Channel estimation. 

Calculate a channel estimate ft from the result of the transmission of P> which channel 
estimate // comprises the complete transmitter-air interface-receiver chain. H A ^ B , the 

channel estimate for i\ signal from station A 210 to station B 220, and/or ft B ^A ■ 1110 channel 
estimate from station M 220 to station A 210, may preferably be calculated. 

315: lixehange infonuation between stations. 

The stations exchange information extracted from the channel estimated) fi 4 + B and/or fi 0 . >A 
in order to facilitate a calculation of a corcectiou factor tq be used for tho transmission by 
station A. Preferably* the receiving station (station B 220) sends a representation of tho 
channel estimate U A „ B to station A 21 0, or alternatively station B 220 sends a representation 
of ft correction factor. The representations are preferably sent In a compact form, in order to 
not take up more transmission resources than necessary. 

320: Calculate channel correction factor. 

A channel correction factor, taking into account the exchanged information on channel 
estimates, is calculated. 

■ 

325: Compensate transmission with channel correction factor. 

Station A 2 10 compensates every transmission to B with the channel correction factor, giving 
an effective channel H m . Since channel reciprocity holds, H { f2 ~ * ! *+a > with - Ulc 
compensated transmission, station A 210 may aow measure on pilots (channel estimation 
symbols) from 13 for the estimate or U^ A needed to e,g. enhance coding and mapping. The 
channel correction factor is used at least until anew calibration process is initiated. 
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The calibration process has boon exemplified with a calibration of the transmitter in station A, 
to give reciprocal conditions foT the communication to and from station B. Naturally, the 
calibration process ci\\\ be used to calibrate station B. The calibration process described above 
enn be extended to a uudtiantonna (multi TX and/or RX) systems. This will be further 
5 discussed in the below description of different embodiments of the invention. It has Amber 
been assumed that non-linear characteristics, c.g. duo to non-linear power amplifier operation, 
can bo neglected. 

The above described calibration process may readily be adapted to different implementations 
of wireless networks. Such adoptions will be exemplified with different embodiments of the 
10 invention. 

In a first embodiment of the method according to the present invention, described with 
references to l ; tG. 4 f channel estimation symbols are sent both from station A 210 to station B 
220 and from station B to station A. Therefore estimates in both directions, fl A ^ n and A a .> A , 
can be produced (corresponding to step 3 1 0). 

15 A flcr the channel estimation the stations cxclumge its channel estimation data, e.g. station B 
send h A ,0 to station A (step 315), Based on ft B ^ A already available at station A and the 

received il A >B , a channel correction factor can be determined (step 320) according to: 



A signal , to be transmitted from A to B, is pro-multiplied with H Corr resulting in the 
: 20 received signal (step 325): 



.whore N is receiver noise. It is seen that the effective channel is modified into the reverse 




* . ... X 5 r.~ ' R » — 



(4) 



(5) 



channel according to: 
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Tlcncc txRll^ -ilo-tjj the channels are now reciprocal, it is possible to use the estimate of 

the channel m direction B Lo A, perform any operation on the signal to bo transmitted based 
on !t D mA and sending the it over the effective channel ff^ from A to B. 

5 The embodiment of the invention preferably comprises, as illustrated in the message sequence 
chart of FIG, 4, the steps of: 

405 (corresponding lo slop 305): Transmit channel estimation symbols, P. 

Pilot signals are transmitted from station B 220 to station A 210, and from station A 210 to 

station B 220. 

10 410 (3 1 0): Channel estimation, 

fl A V 0 is calculated at station 11 220 and H^ A > is calculated al station A 210. 

415 (315): lixctumtio information between stations. 

Station B 220 sends a representation of the channel estimate H A ^ Q to station A 210, 
preferably in a compact form, A compact representation can be used as the major 
1 5 characteristics o f Die oannel ore known, e.g. f rom H Bi + A , and only part of the estimate, e.g. 
significant deviations, need to be transmitted.. 

420 (320): Calculate channel correction factor. 

Slatlon A 210 calculate the correction factor, Hc on , according lo equation (4). 

• 

m 
9 

425 (325): Compensate transmission with channel correction factor. 
20 Station A 210 compensates every transmission to B with the channel correction fbclor U C(yfr , 

giving »m effective channel H { fJ% which ensures, as shown in equation (6), reciprocity. 



The embodiment may he extended to MIMO by performing the same procedure for each 
antenna element combinations. With M TX and N RX antennas, the totaJ number of 
oalibentions is M times N. 
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In a second embodiment of the method of the invention, described with references to the 
signalling scheme of FIG. 5, estimation symbols, or pilot, is transmitted in one direction only. 
In this embodiment, station A 21 0 first perform an open loop channel estimation by receiving 
a training symbol from station 13. Based on (he estimated channel, subsequent transmission 
form A to B is pre-mulliplfed with inverse of the channel estimate. Based on this, station B 
can report a correction factor back to station A. The correction factor is used for every 
transmission until next calibration instance. This Is in essence a so called zero forcing scheme 
resulting in proportionally larger power is assigned to frequencies (assuming a frequency 
selective channel and e.g, OFDM) wilh high attenuation Possibly, one may avoid using high 
attenuation frequencies, 

lite correction factor fed back con preferably bo in the form of a low order complex 
polynomial (possibly with exponential functions for any delays) and hence only a few 
weighting factors are sent back, Delay, phase and amplitude difference will generally be small 
in mnjmiutde and well behaved functions^ it is therefore generally sufficient to use a low order 
polynomial. Other methods of compression the correction factor may, as appreciated by the 
skilled in the art, also be used. 

As nn alternative the transmissions from A to B is pro-multiply wilh the complex conjugate of 
II & >A . 1 his alternative does not experience the problem with high attenuation frequencies as 

for the zero-forcing method. The receiver, i.e. station B, mast however take into account that 
the received signal is, apart from the phase and amplitude errors to be calibrated, attenuated 

with \Hqu I when determining the correction factor that is fed back to station A. However, 
the most important is the feedback of the phase errors, as the amplitude gain of the transmit 
receiver chains docs generally not vary so much as the channel gain \Hch\ • 

The second embodiment of the invention preferably comprises, as illustrated in the message 
sequence chart o f FIG, 5, the steps of: 

505 (corresponding to step 305): Transmit channel estimation symbols, P. 
Pilot signals arc- transmitted from station B 220 to station A 210 only. 
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510 (310); Channel eslimatfon. 

is estimated at station A 2 JO. 

511: Calculate preliminary correction factor. 

A preliminary corrccli un factor, h A », is calculated based on h m , preferably the inverse or 
5 the channel osliitwto, Jfj^', or its complex conjugate, H lu>A . 

51 ?.i Compensate transmissions. 

The transmissions from station A to station B arc compensated by multiplying the signal with 
the preliminary correction factor fa* 

513: estimate errors. 

1 0 Station 1 i 220 estimate phase and amplitude errors in the transmission compensated with tho 
preliminary correction factor, From the estimates station B calculates a correction term hew 

For the fi#l >A > the correction factor is simply complex conjugate effective channel when 

fr u l >A is concatenated with B A . >H . For tlic J^n^A *^ complex conjugate of tho phase 

error may for instance be signaled hack, hence assuming that insignificant magnitude 
1 5 deviations occur due to the transmit receiver chains. 

515 (315): Bxchangc information between stations. 

Station B 220 sends the correction term hem to station A 210, preferably in a compact form. 
520 (320): Calculate channel correction factor. 

Station A 210 cnlcuhfe a final correction factor, U Con , based on the preliminary correction 
♦20 factor Hah and the correction term /rear* 



- r * 
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525 (325): Compensate transmission with channel correction factor. 

Station A 210 compensates every transmission to B with the final channel correction factor 

Jl ( m . giving an effective channel which ensures- reciprocity. 

In cv ihird embodiment of the method of the present invention, described with references to tho 
signalling scheme of FTO. 6, special estimation symbols (or pilot channel) is used in addition 
to (he existing common pilot channel, to estimate a correction vector. 
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In, tor example, n M1MO scenario in which station A has n A antennas and station B has n M 
antennas, the frequency responses of the transceiver chains can be represented by diagonal 
matt-tees with clrmcnus corresponding to the response between the baseband processor and a 
particular antenna. For example, ll A%TX is an n A by n A diagonal matrix and the channel's 
5 response is now an n c by n A matrix as seen by station B: 

Following the example of calibrating station A through station B, similar to the first two 
embodiments, Ihe channels from station A ip station I) can be estimated by station B through 
a known signal (a frequency domain column vector of dimension n A ) generally refecwd lo as 
the common pilot channel and here denotod by P c . The at station B received signal 
] 0 corresponding to this pilot is given by 



• * » 



• * 
m • « 

Ft 



' * • 



« » » 
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« - • 

•» ♦ 

• «. • 
► » 
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(7) 



and from which the effective channel response ft^ =U DJtx Il CII H AXX can bo estimated. 
Station A can si.nila.ly derive H T B _ >A = H m H T at H AM . It then transmits from each 
antenna a pro-multiplied special pilot signal, collectively denoted by a column vector 



15 ^--Hi-n-V 



(8) 



wherein, P t is an » w x rt/J diagonal matrix containing individual pilot signals with good 
auto and cross correlation properties and 1„ a is an all-one column vector of dimension n B , 
7 ho received signal corresponding to this special pilot signal is then given by 



;-;2p I'or simplicity, one may assume dut MiJ = I (the two stations may agr cc to use only one 

anioniwi in 1) to calibrate A), then tite received signal in the above equation can bo written as 
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Since the transceiver chain's frequency response contains only delay, phase rotation and 
perhaps a small amplitude variation, U BJiX and H A1X in Eq. (7) bolh have unit amplitude 
The tcforu \1 f ai \»\H A „ >fl | is known from the common pilot signal A and the collection . 
term N A rx (J, J) ■ H /Ua {J, j) For each antenna in station A can be estimated by correlating 
5 the received signal R s with Ihe corresponding pilot signal /^O.jO. After receiving this 
correction information from station B, station A can then adjust the transmit and receive 
chains .such that fl A TX (;', j) .H% J(X (J, J) are the same'for all j . This makes sure that the 
channels are reciprocal between the antennas at station 1) and the baseband processor in 
£ station A. Note that the responses of the transceivers in station B is irrelevant for the purpose 

1 ft orcohcrcntly adding the arriving signals at the antennas since they can be estimated and 
removed before demodulation. 

The third embodiment of the invention preferably comprises, as illustrated in the message 
- sequence chart of FIG. 6, tlio steps of: 

605 (corresponding lo step 305): Transmit channel estimation symbols, P. 
15 Known channel estimation symbols, preferably the existing common pilot channel, P e , ore 
transmit! ed from station B 220 to station A 21 0 and from station A 210 to station B220. 



61 0 (310): Channel estimation. 

ft 6 . , A , is estimated at station A 210, and fl A _ >a at station B 220 according to the above. 

61 1 : Transmit special pilot channel P s . 
. • :2J) Slulion A transmits from each antenna a pre-mulliplied special pilot signal, P, • H* B >A < 1„ 



■ 
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612: Estimate errors. 

Station B 220 estimate delay, phase and amplitude errors for each of the station A's antennas, 
based on the received P c and P t . H u . yA . \ tg . A correction vector comprising correction 
terms for each antenna in station A is calculated. 



m mm 

: \ 35 015 (31 5): lixclian^c in formation between stations. 

.Sfofion B 220 sends iho correction vector to station A 210. 



■ • 
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620 (320): Calculate channel correction factor. 
Station A 2 1 0 calculate channel correction factors for each antenna. 

625 (325): Compensate transmission with channel correction factor. 

Slation A 21 0 compensates every transmission to B with the channel correction factors 
5 ensuring reciprocity. 

A fourth embodiment of the invention, described with references to the signalling scheme of 
WO. 7, relates to the cases of SVD (Singular Value Decomposition) based M1MO or 1DRF, 
and ulUfa* a dedicated pilot channel in combination with the existing common pilot channel', 
'flic transmit side (station A 21 0 for example) performs channel matching pro-filtering so thai 
1 0 the signals add up coherently wtaa arriving at the antennas of the receive side (station J3 220). 
The received signal at station B b given by H A _ >B . H^a ■ * , where 5 is a column vector 

■ 

of dimension % containing the data symbols. The prc-filtering function is the complex 

conjugate of the channel from station B to A and can be estimated by the common pilot 
channel senlbyslalioun. 

1 5 In general, known symbols arc multiplexed with data symbols so that the effective channel 
response can be estimated for coherent demodulation. These known symbols are sometimes 
referred to as dedicated pilot channel and is here denoted by P d . In combination with the 
common pilot channel P e , the dedicated pilot channel will be used to derive the conectlon 
vector as will be shown Iwlow. 

20 At station B, the received signal corresponding to the dedicated pilot channel is given by 



yin< * i* known from the common pilot 1\ , H^ A can be estimated from R, . 

Therefore 

Ua-m n fhju -Men %il Ajx 
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tiro both known to station n and the correction vector can be generated and reported bock to 
station A as in tho previous embodiments. 

'I"he fourth embodiment of the invention preferably comprises, as illustrated in ilu> message 
sequence chart of WO. 7, tho steps of: 

5 705 (corresponding to step 305): Transmit channel estimation symbols, P. 

Known channel estimation symbols, preferably the existing common pilot channel, P e , ore 
Innmiitod from station D 220 to station A 210 and from station A 21 0 to station B220. 

710 (310): Channel estimation. 

a 

U H ^ A is estimated at station A 2 10, and I/ M at station B 220 from the pilot channel. 

10 71): Calculate pre-fiUor. 

SlnUon A 21 0 cnJculale pro-filler //^_ M . 

712: Transmit dedicated pilot channel P a . 

Station A transmits dedicated pilot channel ^multiplied with tt* M which at station B is 
received as R s . U^. //^ . 

15 713: Fislimutc correction vector. 

a 

Hi. >a ™* H A ->» arc now known by station B 220, and used to estimate a correction vector. 



71 5 (3 3 5); Exchange information between stations. 
StfUion B 220 semis the correction veclor to station A 210. 

720 (320): Calculate channel correction factor. 
3fo Sinlion A 2 to calculate channel correction factors for each antenna. 

r 

725 (325): Compensate transmission with channel correction factor. 

Station A 210 compensates every transmisrfon to B with the channel correction factors 

wisiiTinpjxeciproC'Uy. 
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The calibration method according to the invention can be utilized, as indicated in the different 
embodiments, in various wireless systems, as well as in-between various entities (nodes) in 
the systems. FJG. 8 illustrates various examples of nodes in-between which calibration may 
take place The exemplary network 800 comprises a plurality of bascstations 805 (both 
S multiplo antenna and single antenna), relay stations 810 and mobile stations 815. Calibralion 
may o.g. lake place between two relay stations 810 (indicated by arrow 820), between two 
bascstations 805 (arrow 825), between a relay station 810 and a mobile station 815 (arrow 
830), and between ft base station 805 and a mobilo station 81 5 (arrow 835). Other 
combination of radio based nodes for the purpose of calibration according to the invention is 
10 also possible. Furthermore, some stations may bo equipped with multiple antennas, whereas 
others have merely single antennas. The calibration should be performed in accordance with 
the specific antenna configuration. Choices of which node to calibrate with may be dictated 
by selection rules incorporated in the system, e.g. based on link quality, knowledge of 
calibration accuracy offered by some stations (it may e.g. differ between fixed slalions and 
«■ 15 mobile stations), noniber of antennas, etc. 

It should be emphasised that although the calibration takes place between some pair of 
stations, the calibrated entities may subsequently communicate wilh other stations. For 
instance in coherent combining based cooperative relaying, relay stations may perform 
calibralion with a proximate basostatbn, and later while communicating relaying signals 
20 received on one link (o.g. from a bnsestotion) to a second link (e.g. with a receiving mobile 
^ slalion) (ho compensation according to the invention and phase compensation derived from 

channel estimates (see |rel]) Is applied that enables signals relayed over different relays to be 
coherently combined at the receiving entity. 

• mm 
* » ■ 

\ A possible Implementation of the calibration method according to the invention is illustrated 
p 2,5 in FIG. 9, wherein the system is in TDD mode, lne calibralion method described above may 
preferably be earned out by two stations that arc assigned to opposite transmit/receive lime 
slots. In a cellular system, this means between a base station and a user terminal. 1 lowovcr, 
calibration may, us previously discussed, also lake place between nodes that are assigned L 
some transmit/receive time slots, eg. between to basestations. Fig. 9 illustrates an example of 
.-30 calibration procedure in a TDD system between two bascstations. In order not to disrupt the 
ongoing operation, no slalion should transmit in a lime slot originally allocated for receiving. 
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• - • 



™™ mmmmm 

tofct Patent- och repeitei 
20 2003 3 Q 

-in « „ . , Huvudfaxsn Kouan 

I hercfow, u base stulion caw switch to receive mode during a slot originally scheduled for 

transmission and measure the pilot channels from olhcr base stations. 

Illustrated in VIQ. 9 <u*e the transmissions between station A and station 13, wherein: 

% 

a) In a first transmit lime slot TXj, station B transmit a pilot, P a which is received by the 
5 station A, which has switched to receive mode. Station A estimates Hu^ A . 

b) In a second tnmsmit limo slot TX 2 . station A transmit a pilot, P c% P d or P s which is received 
by lira station I!, which has switched to receive mode. Station A estimates H» a H and 
a correction vector. 

c) In a third transmit rimoslot TXj, station B, in regular transmit mode, transmit the correction 
1 0 vector to station A, which has switched to receive mode Station A adjust the transceivers 

accordingly. 

The calibration transmission docs not need to occur in adjacent TX-slots, and calibration 
process may involve additional transmissions (hat is not depicted in FIG. 9. 



15 



Utilising the method of calibration according to the invention it is possible to compensate 
transmissions so (hat ihe communication channels between two radio nodes in a wireless 
nel work are reciprocal. The presented embodiments offers methods of performing the 
calibration process In very efficient ways, ensuring that valuable radio resources are not 
wasted on unnecessary signalling. The reciprocity achieved by the inventive calibration 
process makes it possible to My exploit the capacity gains afforded by features such as 
20 spacc-limo coding used in lhc newly developed radio communication systems e,g. MIMO, 
TDR P and coherent coi nbining based cooperative relaying. 

The method according to the present invention is preferably implemented by means Of 
program products or program module products comprising the software code means for 
performing the steps of (he method. The program products are preferably executed on a 
2S pjurnlity of radio nodes within a network. Tho program is distributed and loaded from n 
computer nsablo medium, such as a floppy disc, a CD, or transmitted over the air, or 
downloaded from Internet, for example. 
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As demonstrated, and exemplified in the different embodiments, the present invention 
provides a method that makes it possible to use channel reciprocity, in that it compensate for 
Inaccuracies and differences In transmit receive chains. 

The described meihods have the additional advantage that it can be used for relative 
5 calibration between stations that cannot or don't communicate. A typical example is coherent 
combining based cooperative relaying. 

While the invention has been described in connection with what is presently considered lo be 
Ihc most practical and preferred embodiments, it is to be understood that the invention is not 
to be limited to the disclosed embodiments, on the contrary, is intended to cover various 
10 modifications and equivalent arrangements included within the spirit and scope of (ho 
appended claims. 
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CLAIMS: 

1 . A. method of callbrrdhig a transmitting part of a node in a wireless communication 
network , which communication network comprises at least a first radio node copablc 
of transmitting and receiving radio signals and a second radio node capable of 
5 transmitting and receiving radio signals and the first and second radio nodes can be 

ai ranged to be in radio communication with each other, said calibration method 
characterised in that the calibration Is based on at least one representation of radio 
channel characteristics, which at least one representation lias been exchanged from 
one radio node to the other. 

0 2. Calibration method according to claim 1 , wherein said calibration method comprises 

the stops of: 

-transmuting (305) channel estimation symbols, or pilots, from at least the second 
radio node to the first radio node over a radio channel; 

-calculating (310) at least one representation of the radio channel characteristics in at 
5 least the second radio node; 

-exchanging (315) at least one representation of the radio channel characteristics 
from one of the radio nodes to the other radio node; 

-compensating (325) radio transmissions from the first radio node with at least one 
correction factor which is at least partly based on the exchanged representation of the 
0 radio channel characteristics, whereby achieving essentially reciprocity between the 

radio channel from the first radio node to the second radio node and the radio 
channel from the second radio node to the first radio node. 

3. Calibration method according to claim 2, wherein the calibration method is initialed 
in predetermine \ imc intervals. 

4. Calibration method according to claim 2, wherein flic calibration method is initiated 
as a response of a measure of communication quality being below a predelcnnincd 
threshold value. 

5. Calibration method according to tiny of claims 2 to 4, wherein: 

-in the transmitting slop (305, 405) pilot signals arc send both from the first radio 
node to tho second radio node and from the second radio node to the first radio node; 
-in the calculating step (31 0, 410) a first estimate, ^ 1>B , for the channel from the 
first radio node to tho second radio node is calculated in the second radio node, and a 
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second estimate H^ A for the channel from the second radio node to the first r«dio 
mule iy calculated in the first radio node; 

-in the exchanging step (315, 415) a representation of the first channel estimate is 
transmitted from the second radio nodo to the first radio node. 

5 6. Calibration method according to any of claims 2 or 4, wherein : 

-in the transmitting step (305, 505) pilot signals arc send from the second radio node 
to the first radio node; 

Mn the calculating step (310, 510) an estimate ft B ^ A for the channel from the second 
radio nodo to the first radio node is calculated in the first radio node; and the 
10 calibration method comprises further steps of: 

-calculating a preliminary correction factor, (511) based on the channel estimate, 
fl it -+ A , hi the first radio node; 

-compensating (512) transmissions from the first radio node to the second radio node 
with the preliminary corredion factor h A B\ 
1 5 -estimating (5 1 3) in the second radio node errors in Ihe transmissions from the first 

radio nodo , and calculating a correction torm, h co m from the estimated errors; and 
wherein: 

-In ihe exchanging step (315, 515) the correction term is transmitted from tho second 
radio node to the first radio node; 
2.0 -in the compensating step (325, 525) the radio transmissions from tho first radio nodo 

arc compensated with a correction factor which has been updated with the correction 
term 7w- 

7. Calibration method according to any of claims 3 or 4, wherein at least the first radio 
nodes are provided with a plurality of antennas, and: 
f 52p -in the transmitting step (305, 605) pilot signals a first fonn arc send both from the 

first radio node to the second radio node and from the second radio node to tho first 
radio node; 

-in the calculating &lep (3 1 0, 610) a first estimate, fl A ^ B , Tor the channel from the 
first radio node to the second radio node is calculated in the second radio node, and a 

■ 

30 second estimate 11 B M for the channel from the second radio node to the first radio 

nodo is calculated in the first radio node; and the calibration method comprises 
further steps of: 

-transmitting (61 1) pilot signals of asecond form from each of tho antenna of the 
first radio node to the second radio node; 
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-(sstiiyiaiing transmission errors (612) in tho second radio node, said estimation based 
on ihc received pilot signals in tho First and second form, and calculating a correction 
vector with correction terms for respective antenna of the first radio node; and 
wherein: 

-in tho exchanging step (615, 515) the correction vector is transmitted from the 
second radio node to the first radio node; and 

-in tho compensating step (325, 525) the radio transmissions from the first radio node 
arc compensated with a correction factor for each antenna, which correction factors 
are based at least partly on the respective correction terms in the correction vector. 

Computer program products directly loadable into the internal memory of a 
processing means within a radio nodcr, comprising the software code means adapted 
for eonlrolling the stops of any of the claims 1 to 7. 

Computer program products stored on a computer usable medium, comprising 
readable program adapted for causing a processing means in a processing unit within 
a sender and receiver, to control an execution of the steps of any of the claims 1 to 7. 

A communication system for wireless communication, the system comprises at least 
a first radio node capable of transmitting and receiving radio signals and a second 
radio node capable of transmitting and receiving radio signals and wherein Ihc first 
and second radio nodes can be arronged to be in radio communication with each 
other, said communication system characterised in that the at least the first radio 
node is calibrated with the aid of the second radio node, wherein tho first radio node 
bases the calibration on at least one representation of radio channel characteristics, 
which has been exchanged from second radio node. 

A radio node adapted for wireless communication in a wireless network, said 
network comprises at least a second radio node and the first radio node capable of 
and 1he second radio node are capable of transmitting and receiving radio .signals and 
can be arranged to be in radio communication with each other, said first radio node 
characterised in that the at first radio node is calibrated with the aid of the second 
radio node* wherein the first radio node bases the calibration on at least one 
representation of radio channel characteristics, which has been exchanged from 
second radio node. 
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ABSTRACT 

The pres'tfnt invention volutes to a mclhod and arrangement to enhance the communication 
performance in wireless communication systems. Tlie method of the invention provides a 
method of calibrating at least one first radio node in a wireless communication ncLwork. Tho 
5 communication netwoik comprises at least a first radio node and a second radio node, which 
can be niTimged io be in radio communication wilh each other, The calibration method is 
bascct on that al least one representation of radio channel characteristics, which has been 
exchanged from one radio node to the other. Whereby inaccuracies and differences in transmit 
receive chains are compensated and channel reciprocity can be used. 



FIG. 3 for publication 
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